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Specification 

1. Title of the Invention 

BEAM ANNEALING APPARATUS 

2. Scope of Claim 

5 (1) A beam annealing apparatus performing annealing by scanning and irradiating a surface 
of an object to be processed with a high energy line beam characterized by comprising: 

at least two masks provided together between the object to be processed and a 
mechanism which performs scanning of the high energy line beam; and 

means for moving the masks so that only desired position of the object to be processed 
10 is scanned and irradiated with the high energy line beam. 

3. Detailed Description of the Invention 
[Object of the Invention] 
(Industrial Field of the Invention) 

The present invention relates to a beam annealing apparatus which perform irradiation 
15 heating (annealing) to an object to be processed such as a semiconductor wafer with high energy 
line beam. 
(Related Art) 

In recent years, as an annealing technique, a beam annealing technique, which perform 
heat treatment (annealing) on a surface layer of an object to be processed such as semiconductor 
20 wafer by making energy of a high energy line beam to be absorbed to the surface of the object to 
be processed and to be converted into thermal energy, has attracted attention. In manufacturing 
of semiconductor, the beam annealing technique is mainly is used for recovery of crystallinity, 
activation of an introduced impurity element, or the like on a surface layer of a semiconductor 
wafer. 

25 An SOI (Silicon On Insulator) technology for example, which is fundamental on 

development of three-dimensional element, is a technology in which a single crystal silicon is 
further formed over an insulating film which is formed on a surface of a base and an element is 
formed over this single crystal silicon. The beam annealing technique has attracted attention as 
one of method to form single crystal over an insulating film in this SOI technology. That is, for 

30 example, a non-single crystal silicon layer which is formed over an insulating film by a chemical 
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vapor deposition (CVD) method or the like is irradiated with a high energy line beam such as a 
laser to be single-crystallized. 

Conventionally, in such as a beam annealing apparatus, for example, when beam 
annealing is performed by scanning and irradiating a desired annealed region of a semiconductor 
5 wafer, there are a beam annealing apparatus which limits a region scanned and irradiated with a 
beam by arranging a fixed mask having opening corresponds to a form of the annealed region in 
the vicinity of a surface of a semiconductor wafer and a beam annealing apparatus which limits 
region scanned and irradiated with a beam by opening and closing a shutter in synchronization 
with scanning with a beam. 

10 (Problems to be Solved by the Invention) 

However, among the conventional beam annealing apparatuses, the beam annealing 
apparatus which limits the annealed region by opening and closing a shutter, for example, has a 
problem that since it takes about 10 milliseconds to open and close the shutter, the opening and 
closing a shutter does not catch up scanning speed of beam when speed gets higher and it cause 

15 misalignment in the annealed region. Further, when opening and closing the shutter, since a 
beam diameter is decreased or increased at a predetermined direction independently of a 
direction of beam scanning, there are problems such that crystalline states become worse and the 
like. 

In addition, the beam annealing apparatus which uses a fixed mask does not have the 
20 above-mentioned problem; however, there is a problem that when an annealed region is changed, 
since change of the fixed mask and the like is required, for example, the annealed region can not 
be changed easily. 

The present invention is implemented to meet the conventional matters and to provide a 
beam annealing apparatus which can precisely and preferably perform annealing to a desired 
25 region and easily change an annealed region. 
[Structure of the Invention] 
(Means for Solving the Problem) 

In other words, in the present invention, a beam annealing apparatus which performs 
scanning and irradiation with a high energy line beam to a surface of an object to be processed, is 
30 characterized by including at least two masks which provided together between the object to be 
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processed and a mechanism which performs scanning with the high energy line beam, and means 
for moving the masks so that only a desired position of the object to be processed is scanned and 
irradiated with the high energy line beam. 
(Operation) 

5 The beam annealing apparatus of the present invention includes at least two masks 

which provided together between an object to be processed and a mechanism which performs 
scanning with a high energy line beam, and means for moving the masks so that the only a 
desired position of the object to be processed is scanned and irradiated with the high energy line 
beam. 

10 Therefore, the present invention can perform annealing treatment to the desired region 

more accurately and preferably, and in addition, annealed region can be changed more easily, 
compared with a case of limiting an annealing region by opening and closing a shutter. 
(Embodiment) 

Hereinafter, an embodiment in which the present invention is applied to a laser 
15 annealing apparatus is described with reference to figures. 

For example, in a chamber 1, which is formed of aluminum or the like in a cylindrical 
shape and has windows la and lb formed from quartz glass or the like on a top and a bottom, 
susceptor 2, which is formed of carbon graphite, with a diameter of 220 mm and thickness of 20 
mm is, for example, provided. On the bottom of this susceptor 2, a vacuum chuck mechanism 
20 and the like is provided so as to suck and hold a semiconductor wafer 3. 

In addition, several kilowatts of an Infrared Ray Ramp (hereinafter referred to as an IR 
Ramp) 5, which has a reflecting plate 4 for example, is provided as a heat mechanism of the 
susceptor 2 on the upper side of the chamber 1. The chamber 1 is formed to have a structure in 
which infrared rays from this IR Ramp 5 is transmitted through the window la and the susceptor 
25 2 is preliminary heated to at 500 °C for example. 

Further, a laser beam irradiation mechanism is provided so that, the semiconductor 
wafer 3 which is provided at the bottom of the susceptor 2 is scanned and irradiated with laser 
beam, for example a CW-Ar gas laser beam from the bottom of the chamber 1 though the 
window lb. 

30 The laser beam irradiation mechanism has two laser beam sources; a main laser beam 
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source 6a and an auxiliary laser beam source 6b. Among them, beam direction of an auxiliary 
laser beam 7b emitted from the auxiliary laser beam source 6b can be controlled by reflecting 
mirrors 8, 9 and 10. Therefore, drive motors 9a and 10a are connected to the reflecting mirrors 
9 and 10 respectively. The beam direction of the auxiliary laser beam 7b is controlled by 
5 adjusting the direction of the reflecting mirrors 9 and 10 and position of the auxiliary laser beam 
7b relative to a main laser beam 7a emitted from the main laser beam source 6a can be adjusted. 

The main laser beam 7a and the auxiliary laser beam 7b are almost parallel beams to 
each other and reach a scanning mechanism 14 through a polarizing prism 11, a shutter 12, a 
reflecting mirror 13, and the like. The scanning mechanism 14 includes a galvanometer mirror 

10 14a, for example, which is a mirror rotation scanning mechanism as a scanning mechanism in an 
X-direction over a one-axis accurate stage 14b which using a ball screw which is high definition 
and capable of ultraprecision positioning as a scanning mechanism in a Y-direction, and 
controlled by a control device 15. Then, the main laser beam 7a and the auxiliary laser beam 
7b, which used for scanning the X-direction and the Y-direction by the scanning mechanism 14, 

15 are condensed by an F-0 lens 16, and the semiconductor wafer 3 is scanned and irradiated with 
the main laser beam 7a and the auxiliary laser beam 7b through the window lb. 

In addition, two plate-like masks 17a and 17b are provided together between the F-0 
lens 16 and the window lb as shown in FIG 2. These masks 17a and 17b are consisted of a 
stepping motor or the like, connected to drive mechanisms 19a and 19b which are controlled by a 

20 control device 18, respectively, and independently moved freely in the X-direction. Further, an 
input device 20 is connected to the control device 18. 

Then, the control device 18 is formed, as shown in a flow chart of FIG 3, to control the 
masks 17a and 17b as follows. 

That is, when designation for an annealed region is input to the control device 18 from 

25 the input device 20 (a), the control device 18 transform this designation for this annealed region 
into positional information about the masks 17a and 17b (b). 

Next, the control device 18 outputs drive instruction signal to the drive mechanisms 19a 
and 19b based on the positional information (c) and when shifting the masks 17a and 17b to the 
predetermined position, which is recognized by number of pulse or the like, is finished (d), the 

30 operate stops (e). 
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In addition, the input device 20 is also connected to the control device 15 which controls 
the scanning mechanism 14. When designation for an annealed region is input from the input 
device 20 as described above, scanning and irradiation is performed to a region shown by a 
dotted line G in FIG. 2, that is an area which includes an acceleration region, in addition to an 
5 annealed region between the mask 17a and the mask 17b, needed for acceleration up to a 
predetermined speed in reversing the rotation direction of the galvanometer mirror 14a. In this 
case, scanning back and froth in the X-direction is performed at a predetermined speed with use 
of the galvanometer mirror 14a, and scanning in the Y-direction is performed by moving the 
one-axis accurate stage 14b in a certain speed. 

10 A laser annealing apparatus in this embodiment of the above structure, perform 

annealing to the semiconductor wafer 3 as follows. 

That is, first, an open and close mechanism, which is not shown in the figure, of the 
chamber 1 is opened and the semiconductor wafer 3 is provided at predetermined position of the 
bottom of the susceptor 2 by a transport devise which is not shown in the figure. 

15 After that, the susceptor 2 is preliminary heated up to 500 °C for example, by infrared 

rays from the IR Ramp 5 which has the reflecting plate 4 transmitting through the window la. 

Then, when annealing is performed only to a desired annealed region as described 
above, in addition to limit an irradiation region with masks 17a and 17b and irradiate the 
semiconductor wafer 3 with a laser beam as described above, annealing is performed along the 

20 surface of the semiconductor wafer 3 by making a nitrogen gas, an oxygen gas and the like flow 
for example, from a gas introduction hole and an exhaust port which are not shown in the figure. 
In addition, when perform annealing to entire surface of the semiconductor wafer 3, the masks 
17a and 17b are moved apart from an optical path of a laser beam and annealing is performed in 
the same manner as the above. 

25 That is, the laser annealing apparatus in this embodiment performs annealing to this 

annealing region by moving the masks 17a and 17b automatically using the control device 18 
and the drive mechanisms 19a and 19b and limiting an region to be irradiated with a laser beam 
according to an annealed region which is designated by the input device 20. 

Therefore, as shown in FIG 4, a laser beam L with which the semiconductor wafer 3 is 

30 irradiated is blocked at boundary portion of the annealed region by the masks 17a and 17b. 
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Accordingly, an irradiated state with the laser beam L is always changed so as to become 
narrower from the scan-direction side at the boundary portion, and annealing treatment can be 
preformed so that crystal state is favorable. In addition, since the shutter 12 is not opened and 
closed, misalignment of the annealing region due to opening and closing shutter is not caused. 
5 Further, annealed region can be changed easily. 

Note that, though, a laser annealing apparatus which irradiate an object to be processed 
such as the semiconductor wafer 3 with two laser beams is described in the above embodiment, 
the present invention can, of course, be applied to, a laser annealing apparatus which performs 
irradiation with one laser beam and a beam annealing apparatus which performs irradiation with 
10 another high energy line beam for example. 
[Effect of the Invention] 

The beam annealing apparatus of the present invention can perform annealing to a 
desired region accurately and favorably, and easily change an annealed region as described 
above. 

15 4. Brief Description of the Drawings 

FIG 1 is a schematic structural diagram of an embodiment in which the present 

invention is applied to a laser annealing apparatus. FIG. 2 is a top view of main parts of FIG1. 

FIG 3 is a flow chart to describe control of masks with the laser annealing apparatus of FIG 1. 

FIG 4 is a view for describing irradiation status of laser beam from a laser annealing apparatus 
20 of FIG 1. 

1 chamber, la and lb window, 2 susceptor, 3 semiconductor 

wafer, 4 reflecting mirror, 5 ER lamp, 6a main laser beam source, 6b 

auxiliary laser beam source, 7a main laser beam, 7b auxiliary laser beam, 8, 9, 10 

and 13 reflecting mirror, 9a and 10a drive motor, 11 polarizing prism, 12 

25 shutter, 14 scanning mechanism, 14a galvanometer mirror, 14b one-axis 

accurate stage, 15 control device, 16 F-8 lens, 17a and 17b masks, 18 

control device, 19a and 19b drive mechanisms, 20 an input device. 

Applicant: Mitsubishi Electric Corp. 
30 Applicant: Tokyo Electron Ltd. 
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